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(57) ABSTRACT

A device including an SOI substrate and an isolation struc-
ture positioned at least partially in a trench that extends
through a buried insulation layer and into a semiconductor
bulk substrate of the SOI substrate is disclosed. The isolation
structure includes a first dielectric layer positioned in a
lower portion of the trench, a first material layer positioned
above the first dielectric layer, the first material layer having
a material different from a material of the first dielectric
layer, and a second dielectric layer positioned above the first
material layer, the second dielectric layer having a material
different from the material of the first material layer.
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1
SEMICONDUCTOR DEVICE WITH
INTERCONNECT TO SOURCE/DRAIN

BACKGROUND
Field of the Disclosure

Generally, the present disclosure relates to the field of
integrated circuits and semiconductor devices and, more
particularly, to (local) interconnects/electrical contacts to
source/drain regions of transistor devices.

Description of the Related Art

The fabrication of advanced integrated circuits, such as
CPUs, storage devices, ASICs (application specific inte-
grated circuits) and the like, requires the formation of a large
number of circuit elements on a given chip area according to
a specified circuit layout. In a wide variety of electronic
circuits, field effect transistors represent one important type
of circuit element that substantially determines performance
of the integrated circuits. Generally, a plurality of process
technologies are currently practiced for forming field effect
transistors (FETs), wherein, for many types of complex
circuitry, MOS technology is currently one of the most
promising approaches due to the superior characteristics in
view of operating speed and/or power consumption and/or
cost efficiency. During the fabrication of complex integrated
circuits using, for instance, CMOS technology, millions of
N-channel transistors and P-channel transistors are formed
on a substrate including a crystalline semiconductor layer.

Nowadays, FETs are usually built on silicon-on-insulator
(SOI), in particular fully depleted silicon-on-insulator (FD-
SOI), substrates. The channels of the FETs are formed in
thin semiconductor layers, typically including or made of
silicon material, wherein the semiconductor layers are
formed on insulating layers, buried insulation (BOX) layers,
that are formed on semiconductor bulk substrates.

Due to the large number of transistor devices in modern
integrated circuits, the electrical connections of the indi-
vidual circuit elements cannot be established within the
same device level on which the circuit elements are manu-
factured, but require one or more additional metallization
layers, which generally include metal-containing lines pro-
viding the intra-level electrical connection, and also include
a plurality of inter-level connections or substantially verti-
cally oriented connections, which are also referred to as vias.
These vertical interconnect structures comprise an appropri-
ate metal and provide the electrical substantially connection
of the various stacked metallization layers. In order to
actually connect the circuit elements formed in the semi-
conductor material with the metallization layers, an appro-
priate substantially vertically oriented contact structure is
provided, a first end of which is connected to a respective
contact region of a circuit element, such as a gate electrode
and/or the drain and source regions of transistors, and a
second end that is connected to a respective metal line in the
metallization layer. In some applications, the second end of
the contact structure may be connected to a contact region of
a further semiconductor-based circuit element, in which case
the interconnect structure in the contact level is also referred
to as a local interconnect. The contact structure may com-
prise contact elements or contact plugs having a generally
square-like or round shape that are formed in some inter-
layer dielectric (ILD) material.

In advanced configurations, raised source and drain
regions of transistor devices can be contacted by means of
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combined trench silicide (TS) structures positioned on a gate
electrode level and CA contact structures positioned in an
insulating layer formed above the gate electrodes and con-
tacting the TS structures, for example. Moreover, CA contact
structures may directly contact source/drain regions of FETs
or may contact source/drain regions via TS structures.

However, contacting electrodes of transistor devices
poses an increasing problem due to the aggressive overall
downscaling. In fact, the engineers face severe scaling and
patterning limitations. In particular, in 22 nm manufacturing
technologies, problems occur with respect to contact holes
etched through the buried insulation layer of an SOI sub-
strate adjacent to shallow trench isolations (STIs), resulting
in CA contacts creating shorts to the semiconductor bulk
substrate of the SOI substrate. In order to avoid such shorts
in 22 nm technologies, it was proposed to arrange the CA
contacts over active regions without overlap of STI regions.
However, in sub-22 nm, for example, 12 nm, technologies,
due to the highly-reduced critical dimensions, design rules
demand for some overlap of CA contacts and STI regions.

In view of the situation described above, the present
disclosure provides means for reliably forming contacts, in
particular, local interconnecting structures, for electrically
connecting source/drain regions of FETs without a risk of
forming electrical shorts to the bulk substrate of the SOI
substrate.

SUMMARY OF THE DISCLOSURE

The following presents a simplified summary of the
disclosure in order to provide a basic understanding of some
aspects of the invention. This summary is not an exhaustive
overview of the invention. It is not intended to identify key
or critical elements of the invention or to delineate the scope
of'the invention. Its sole purpose is to present some concepts
in a simplified form as a prelude to the more detailed
description that is discussed later.

Generally the subject matter disclosed herein relates to
semiconductor devices comprising SOI FETs, wherein
source/drain regions are contacted by interconnects (con-
tacts) adjacent to isolation regions, in particular, shallow
trench isolations (STIs).

A method of manufacturing a semiconductor device as
disclosed herein includes the steps of providing an SOI
substrate comprising a semiconductor bulk substrate, a
buried insulation layer that may be comprised of a variety of
different insulating materials, e.g., a silicon dioxide, here-
inafter generically referred to as a “BOX” layer formed on
the semiconductor bulk substrate and a semiconductor layer
formed on the buried insulation layer, forming a shallow
trench isolation (STI) in the SOI substrate, forming a FET in
and over the SOI substrate, and forming a contact to a source
or drain region of the FET, the source or drain region being
positioned adjacent to the STI. The step of forming the
shallow trench isolation includes: (a) forming a trench in the
SOI substrate; (b) filling a lower portion of the trench with
a first dielectric layer, the first dielectric layer, for example,
being made of a flowable oxide material; (¢) forming a
buffer layer, for example, comprising or made of a nitride
material (particularly, silicon nitride, for example, Si;N,),
over the first dielectric layer, the buffer layer having a
material different from the material of the first dielectric
layer; and (d) forming a second dielectric layer, for example,
an oxide layer, over the buffer layer and made of a material
different from the material of the buffer layer.

The buffer layer may be formed at the BOX level over the
semiconductor bulk substrate of the SOI substrate. The
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second dielectric layer may be formed at the semiconductor
layer level and may extend partially below the upper surface
of the buried insulation layer.

Further, a method of manufacturing a semiconductor
device is provided including the steps of providing an SOI
substrate comprising a semiconductor bulk substrate, a
buried insulation layer formed on the semiconductor bulk
substrate and a semiconductor layer formed on the buried
insulation (BOX) layer, forming a shallow trench isolation
(STI) in the SOI substrate, forming a FET in and over the
SOI substrate, and forming a contact to a source or drain
region of the FET, the source or drain region being posi-
tioned adjacent to the STI. The step of forming the shallow
trench isolation includes: (a) forming a trench in the SOI
substrate; (b) filling a lower portion of the trench with a first
dielectric layer (for example, made of a flowable oxide
material); (¢) forming a spacer layer (for example, made of
a silicon nitride material) over the first dielectric layer and
over sidewalls of the trench, the spacer layer having a
material different from the material of the first dielectric
layer; and (d) forming a second dielectric layer (for example,
made of an oxide material) over the spacer layer, the second
dielectric layer having a material different from the material
of the spacer layer. The spacer layer is formed only at the
sidewalls of the trench and, thus, does not extend over the
entire width of the trench. Moreover, the spacer layer may be
formed at the BOX level above the upper surface of the
semiconductor bulk substrate.

The spacer layer may be formed at the BOX level over the
semiconductor bulk substrate of the SOI substrate. The
second dielectric layer may be formed at the semiconductor
layer level and may extend partially below the upper surface
of the buried insulation layer.

Furthermore, a semiconductor device is provided includ-
ing an SOI substrate comprising a semiconductor bulk
substrate, a buried insulation layer formed on the semicon-
ductor bulk substrate and a semiconductor layer formed on
the buried insulation layer, a shallow trench isolation (STI)
formed in the SOI substrate, a FET formed in and over the
SOI substrate, and a contact (interconnect) contacting one of
a source and a drain region of the FET, the source or drain
region being positioned adjacent to the shallow trench
isolation. The shallow trench isolation comprises a trench
formed in the SOI substrate, a first dielectric layer, for
example, made of a flowable oxide material, filled in a lower
portion of the trench (and, thereby, covering the bottom of
the trench), a first material layer formed over the first
dielectric layer, the first material layer (for example, made of
an oxide material) having a material different from the
material of the first dielectric layer, and a second dielectric
layer (for example, made of an oxide material) formed over
the first material layer and made of a material different from
the material of the first material layer.

The first material layer may be formed at the BOX level
over the semiconductor bulk substrate of the SOI substrate.
The second dielectric layer may be formed at the semicon-
ductor layer level and may extend partially below the upper
surface of the buried insulation layer.

The first material layer may comprise spacer layers
formed over sidewalls of the trench and a second material
layer formed between the spacer layers and of a material
different from the material of the spacer layers.

Furthermore, a semiconductor device is provided includ-
ing an SOI substrate comprising a semiconductor bulk
substrate, a buried insulation layer formed on the semicon-
ductor bulk substrate and a semiconductor layer formed on
the buried insulation layer, a shallow trench isolation (STI)
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formed in the SOI substrate, a FET formed in and over the
SOI substrate, and a contact contacting one of a source and
a drain region of the FET, the source or drain region being
positioned adjacent to the shallow trench isolation. The
shallow trench isolation comprises a trench formed in the
SOI substrate, a first dielectric layer, for example, made of
a flowable oxide material, filled in a lower portion of the
trench (and, thereby, covering the bottom of the trench), a
spacer layer formed over the first dielectric layer and over
sidewalls of the trench, the spacer layer (for example, made
of a silicon nitride material) having a material different from
the material of the first dielectric layer, and a second
dielectric layer (for example, made of an oxide material)
formed over the spacer layer and made of a material different
from the material of the spacer layer.

The spacer layer may be formed at the BOX level over the
semiconductor bulk substrate of the SOI substrate. The
second dielectric layer may be formed at the semiconductor
layer level and may extend partially below the upper surface
of the buried insulation layer.

In all of the above-described embodiments, the contact
may extend into the second dielectric layer and may reach
the buffer layer or the spacer layer. In fact, the buffer layer
or the spacer layer protects the semiconductor bulk substrate
from over-etching of a contact hole to be formed in the
process of forming the contact.

Also disclosed herein is a device including an SOI sub-
strate and an isolation structure positioned at least partially
in a trench that extends through a buried insulation layer and
into a semiconductor bulk substrate of the SOI substrate.
The isolation structure includes a first dielectric layer posi-
tioned in a lower portion of the trench, a first material layer
positioned above the first dielectric layer, the first material
layer having a material different from a material of the first
dielectric layer, and a second dielectric layer positioned
above the first material layer, the second dielectric layer
having a material different from the material of the first
material layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be understood by reference to the
following description taken in conjunction with the accom-
panying drawings, in which like reference numerals identify
like elements, and in which:

FIG. 1 illustrates a semiconductor device comprising a
contact to a source/drain region of a FET and partially
formed over an STI, according to an exemplary embodi-
ment;

FIGS. 2a-2j show different manufacturing stages of a
process of forming the semiconductor device shown in FIG.
1

FIG. 3 illustrates a semiconductor device comprising a
contact to a source/drain region of a FET and partially
formed over an STI, according to another exemplary
embodiment; and

FIGS. 4a-4f show different manufacturing stages of a
process of forming the semiconductor device shown in FIG.
3.

While the subject matter disclosed herein is susceptible to
various modifications and alternative forms, specific
embodiments thereof have been shown by way of example
in the drawings and are herein described in detail. It should
be understood, however, that the description herein of spe-
cific embodiments is not intended to limit the invention to
the particular forms disclosed, but on the contrary, the
intention is to cover all modifications, equivalents, and
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alternatives falling within the spirit and scope of the inven-
tion as defined by the appended claims.

DETAILED DESCRIPTION

Various illustrative embodiments of the invention are
described below. In the interest of clarity, not all features of
an actual implementation are described in this specification.
It will of course be appreciated that in the development of
any such actual embodiment, numerous implementation-
specific decisions must be made to achieve the developers’
specific goals, such as compliance with system-related and
business-related constraints, which will vary from one
implementation to another. Moreover, it will be appreciated
that such a development effort might be complex and
time-consuming, but would nevertheless be a routine under-
taking for those of ordinary skill in the art having the benefit
of this disclosure.

The following embodiments are described in sufficient
detail to enable those skilled in the art to make use of the
invention. It is to be understood that other embodiments
would be evident, based on the present disclosure, and that
system, structure, process or mechanical changes may be
made without departing from the scope of the present
disclosure. In the following description, numeral-specific
details are given to provide a thorough understanding of the
disclosure. However, it would be apparent that the embodi-
ments of the disclosure may be practiced without the specific
details. In order to avoid obscuring the present disclosure,
some well-known circuits, system configurations, structure
configurations and process steps are not disclosed in detail.

The present disclosure will now be described with refer-
ence to the attached figures. Various structures, systems and
devices are schematically depicted in the drawings for
purposes of explanation only and so as to not obscure the
present disclosure with details which are well known to
those skilled in the art. Nevertheless, the attached drawings
are included to describe and explain illustrative examples of
the present disclosure. The words and phrases used herein
should be understood and interpreted to have a meaning
consistent with the understanding of those words and
phrases by those skilled in the relevant art. No special
definition of a term or phrase, i.e., a definition that is
different from the ordinary or customary meaning as under-
stood by those skilled in the art, is intended to be implied by
consistent usage of the term or phrase herein. To the extent
that a term or phrase is intended to have a special meaning,
i.e., a meaning other than that understood by skilled artisans,
such a special definition shall be expressively set forth in the
specification in a definitional manner that directly and
unequivocally provides the special definition for the term or
phrase.

As will be readily apparent to those skilled in the art upon
a complete reading of the present application, the present
methods are applicable to a variety of technologies, for
example, NMOS, PMOS, CMOS, etc., particularly in the
context of fully depleted silicon-on-insulator (FDSOI) tech-
nologies used for manufacturing ICs. The manufacturing
techniques may be integrated in CMOS manufacturing pro-
cesses. In particular, the process steps described herein are
utilized in conjunction with any semiconductor device fab-
rication process that forms FETs and STIs for integrated
circuits, and the process is readily applicable to a variety of
devices, including, but not limited to, logic devices, memory
devices such as SRAM devices, etc. Although the term
“MOS” properly refers to a device having a metal gate
electrode and an oxide gate insulator, that term is used
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throughout to refer to any semiconductor device that
includes a conductive gate electrode (whether metal or other
conductive material) that is positioned over a gate insulator
(whether oxide or other insulator) which, in turn, is posi-
tioned over a semiconductor bulk substrate.

Herein, techniques of manufacturing semiconductor
devices comprising FETs are provided wherein contacts to
source/drain regions of the FETs can be reliably formed. In
particular, the disclosed techniques allow for an arrangement
of the contacts such that the contacts at least partially cover
STI regions without a risk of forming an electrical short to
the semiconductor bulk substrate of the SOI substrate by the
contact material.

FIG. 1 illustrates a semiconductor device according to an
example of the present disclosure. As shown in FIG. 1 the
semiconductor device comprises an SOI substrate compris-
ing a semiconductor bulk substrate 101, a buried insulation
(e.g., silicon dioxide) layer 102 formed on the semiconduc-
tor bulk substrate and a semiconductor layer 103 formed on
the buried insulation layer 102.

The bulk semiconductor bulk substrate 101 may be a
silicon substrate, in particular, a single crystal silicon sub-
strate. Other materials may be used to form the semicon-
ductor bulk substrate such as, for example, germanium,
silicon germanium, gallium phosphate, gallium arsenide,
etc. The semiconductor bulk substrate 101 may comprise
N*/P* doped regions for back biasing. The buried insulation
layer 102 may include a dielectric material and may have a
thickness of below 50 nm, for example. The buried insula-
tion layer 102 may comprise silicon (di)oxide, for example,
borosilicate glass. The buried insulation layer 102 may be
composed of different layers and one of the different layers
may comprise borophosphosilicate glass (BPSG) or an
Si0,-compound comprising boron. The semiconductor layer
103 may provide the channel region of the FET and may be
comprised of any appropriate semiconductor material, such
as silicon, silicon/germanium, silicon/carbon, other 1I-VI or
1I1-V semiconductor compounds and the like. The semicon-
ductor layer 103 may have a thickness suitable for forming
a fully depleted field effect transistor, for example, a thick-
ness in a range from about 5-8 nm. For example, the
thickness of the semiconductor layer 103 may be in the
range of 5-20 nm, in particular, 5-10 nm, and the thickness
of the buried insulation layer 102 may be in the range of
10-50 nm, in particular, 10-30 nm and, more particularly,
15-25 nm.

In a P-channel FET area of the semiconductor layer 103,
an SiGe channel may be formed. For example, a compres-
sive strained silicon-germanium channel (cSiGe) is formed
in the semiconductor layer 103 of the SOI substrate by local
Ge enrichment involving the epitactical formation of a
compressive SiGe layer on the exposed surface of the
semiconductor layer 103. The compressive silicon-germa-
nium channel may be provided in order to enhance the
mobility of charge carriers in the channel region of a
P-channel FET that is to be formed in the PFET area. It is
noted that epitaxy may be supplemented by a condensation
anneal that drives the Ge atoms into the SOI channel and
oxidizes the epitaxial SiGe at the same time.

Another semiconductor layer 104 comprising an upper
silicided region 105 is formed over the semiconductor layer
103 of the SOI substrate. A shallow trench isolation (STI) is
formed in the semiconductor bulk substrate 101 and a lower
portion of the STT is filled with a dielectric layer 106, for
example, a flowable oxide material layer. A dielectric buffer
layer 107 is formed at a buried insulation level over the
dielectric layer 106. The dielectric buffer layer 107 is made
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of a material different from the one of the dielectric layer
106 and also different from the one of the buried insulation
layer 102. The dielectric buffer layer 107 may comprise a
nitride material, for example, SiN. In and over the SOI
substrate, a FET 108 is formed. The FET 108 comprises
source/drain regions 108aq, a silicided gate electrode 1085, a
gate dielectric 108¢ and sidewall spacers 1084.

The raised source and drain regions 108a may be formed,
for example, by epitaxial growth. The gate electrode 1085
may comprise metal gate and polysilicon gate materials. The
material of the metal gate may include La, AL or TiN, for
example.

The metal gate may include a work function adjusting
material, for example, TiN. In particular, the metal may
comprise a work function adjusting material that comprises
an appropriate transition metal nitride, for example, those
from Groups IV-VI in the Periodic Table, including, for
example, titanium nitride (TiN), tantalum nitride (TaN),
titanium aluminum nitride (TiAIN), tantalum aluminum
nitride (TaAIN), niobium nitride (NbN), vanadium nitride
(VN), tungsten nitride (WN), and the like, with a thickness
of about 1-60 nm. Moreover, the effective work function of
the metal gate can be adjusted by added impurities, for
example, Al, C or F. Atop of the metal gate, the poly gate
may be formed.

The gate electrode 1085 is separated from the semicon-
ductor layer 103 of the FDSOI substrate by the gate dielec-
tric 108¢. The gate dielectric 108¢ may comprise a high-k
material layer with a dielectric constant k of above 4. The
high-k material layer may comprise a transitional metal
oxide, such as at least one of hafnium oxide, hafnium
dioxide and hafnium silicon-oxynitride, and may be directly
formed on the semiconductor layer of the FDSOI substrate.

Contact structures (CA contacts) 109 formed in a dielec-
tric layer 110 electrically contact the raised silicided source/
drain regions 108a of the FET 108. It should be noted that
a (CB) contact to the gate electrode 1085 may also be
formed in the dielectric layer 110. The contacts are electri-
cally isolated from each other. The dielectric layer 110 may
comprise or consist of a plasma enhanced nitride (PEN)
layer. In particular, the dielectric layer 110 may be an
interlayer dielectric (ILD). An oxide layer 111 is formed on
the dielectric buffer layer 107 in an upper portion of the STI
and additional oxide layers 112 are formed between the
dielectric buffer layer 107 and the semiconductor bulk
substrate 101 outside of the trench of the STI and between
the dielectric layer 106 and the semiconductor bulk substrate
101 in the trench of the STI. Furthermore, an oxide layer
1124 is formed below the dielectric layer 110.

Different from the art, the dielectric buffer layer 107
formed in the STI protects the semiconductor bulk substrate
101 during the process of etching the contact hole (selective
oxide etch) in which the CA contact structure 109 to the
source/drain region positioned adjacent to the STI is formed.
Since over-etching can be prevented, there is no risk of
forming an electrical short to the semiconductor bulk sub-
strate 101 by the contact material filled in the etched contact
hole.

The formation of the semiconductor device shown in FIG.
1 is now described with reference to FIGS. 2a-2j. The
disclosed techniques can be suitably used in manufacturing
of semiconductor devices on below 22 nm platforms, for
example, 12 nm platforms designed for the manufacture of
FDSOI devices.

As shown in FIG. 2a, an SOI substrate comprising a
semiconductor bulk substrate 201, a buried insulation
(BOX) layer 202 and a semiconductor layer 203 is provided.
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An oxide layer (pad oxide) 204 is formed on the SOI
substrate and a nitride layer (pad nitride) 205 is formed on
the oxide layer 204. For example, the nitride layer 205 may
be made of Si;N,, SiON or a combination thereof and it may
have a thickness of about 30-70 nm. Alternatively, a silicon
carbide layer may be formed on the oxide layer 204. The
nitride layer 205 may be formed by chemical vapor depo-
sition, plasma enhanced chemical vapor deposition, or low
pressure chemical vapor deposition. Another oxide layer 206
is formed on the nitride layer 205 and another layer 207, for
example, a nitride layer, is formed on the oxide layer 206. In
order to carry out a lithography process, a mask comprising
a spin-on-hard mask (SOH) layer 208 and an SiON layer 209
is formed on the layer 207.

A photoresist 210 is formed on the mask layer. A bottom
anti-reflective coating (BARC) layer (not shown in FIG. 2a)
may be comprised by the photoresist 210. The mask layer is
patterned by means of the photoresist 210 and, based on the
patterned mask layer, an etch process is performed in order
to define active regions. The etch process stops at the buried
insulation layer 202. FIG. 26 shows the resulting structure
after stripping of the mask layer. A conventional lithogra-
phy-etch-lithography-etch process (LELE approach) that
may include an additional “memory layer,” for example, an
oxide layer, formed on top of the SOH—SiON stack may be
followed to obtain the structure shown in FIG. 2b and a
trench of an STI (see below).

A thin oxide layer (not shown) may be formed at sidewalls
of the etched recesses and a liner 212 is formed on the thin
oxide layer (see FIG. 2¢). The thin oxide layer may have a
thickness of about 2 nm. For example, the liner 212 may be
formed of or comprise a nitride material, such as Si;N, or
SiON, and it may have a thickness of about 2-8 nm. The liner
212 may be formed by plasma enhanced chemical vapor
deposition or low pressure chemical vapor deposition. The
liner 212 protects the active region in the semiconductor
layer 203 during a steam anneal processing performed at a
later stage. After deposition of the liner 212 over the
sidewalls of the recesses, another etch process is performed
that stops at the semiconductor bulk substrate 201, thereby
forming a shallow trench. The resulting structure is shown in
FIG. 2¢. By means of another lithography processing step,
a trench 213 is formed (self-aligned with the shallow trench)
in the semiconductor bulk substrate (see FIG. 2d). The
trench 213 may have a depth of more than 100 nm, for
example, about 200 nm.

As shown in FIG. 2e, oxide layers 214 and 215 may be
formed, for example, by oxidation of the semiconductor
material of the semiconductor bulk substrate 201. These
oxide layers 214, 215 prevent charge trapping between the
semiconductor material of the semiconductor bulk substrate
201 and nitride materials formed in a later stage (see
description below).

In the manufacturing stage shown in FIG. 2f, the recesses
and the trench 213 are filled by a flowable dielectric material
216 in order to form a lower portion of an STI. The flowable
dielectric material 216 is, for example, a flowable oxide
material that may comprise silicon oxide or SIONH and may
be formed by flowable chemical vapor deposition (FCVD).
At the moment of deposition, the flowable dielectric mate-
rial 216 has fluid characteristics similar to spin-on-glass
films and, therefore, it shows excellent gap filling capability.
The flowable dielectric material 216 may be formed by
using a spin-on dielectric (SOD) formation process, or by
depositing a flowable dielectric by a chemical vapor depo-
sition (CVD) process, such as radical-component CVD.
Excessive flowable dielectric material 216 formed on the
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layer 207 is removed, for example, by chemical mechanical
polishing (CMP). During the CMP process, the layer 207
serves as a planarization stop layer.

The flowable dielectric fill is followed by a steam anneal.
The steam anneal is performed either in the same process
chamber used for the deposition of the flowable dielectric
material 216 or in another process chamber. The steam
anneal results in shrinking and densification of the dielectric
material 216. The steam anneal may be performed for some
minutes to some hours and at a temperature of some hundred
° C., for example. The anneal process may be performed at
a temperature in a range of about 150-800° C. According to
one example, the anneal process may start at about 150° C.
and ramp up the temperature gradually to a predetermined
temperature of about 500-800° C. The pressure of the anneal
process may be in a range of about 500-800 Torr. The flow
rate of steam may be in a range of about 1-2 slm (standard-
liter per meter). The duration of the steam thermal anneal
process may, particularly, be in a range from about 20
minutes to about 2 hours.

As shown in FIG. 2g, oxide removal down to or near the
level of the upper surface of the semiconductor bulk sub-
strate 201 is performed that may be followed by a removal
of the nitride layer 212. In the manufacturing stage shown in
FIG. 2k, the recesses are filled by a nitride material 217. The
nitride material is recessed to a level below the lower surface
of'the semiconductor layer 203 (see FIG. 2i). This recess can
be obtained by a wet hot phosphor etch during which the
oxide layer 206 and, particularly, the liner 212 protects the
pad nitride 205. Alternatively, the nitride material 217 may
be recessed by means of reactive ion etching (RIE). The
recess results in nitride buffer layers 217a, in particular, a
nitride buffer layer 217a in the STI. Due to the different
oxide layers, any direct contact between the nitride buffer
layers 217a and the semiconductor material of the semicon-
ductor bulk substrate 201 is avoided.

In the manufacturing stage shown in FIG. 2j, an oxide
material 218 is formed on the nitride buffer layers 217a to
form an upper portion of an STI. For example, the oxide
material 218 is not a flowable dielectric material and it may
be a high-density plasma oxide formed by high-density
plasma chemical vapor deposition and it may comprise a
silicon oxide. Excessive oxide material 218 may be removed
by chemical mechanical polishing. In particular, the oxide
material 218 may be the same as the material of the buried
insulation layer 202 of the SOI substrate.

Formation of the FET 108 and the contacts 109, etc. may
be performed as known in the art to obtain the semiconduc-
tor device shown in FIG. 1. In principle, the CA contact
structures 109 shown in FIG. 1 could be formed by depos-
iting a liner made of Ti or TiN, for example, followed by
filling the contact holes with a conductive material, for
example, tungsten, and followed by performing a CMP
process to remove excessive material of the CA contact
structures.

Different from the art, the nitride buffer layer formed in
the STI (see reference numbers 217a in FIGS. 2 and 107 in
FIG. 1) prevents over-etching into the semiconductor bulk
substrate 101, 201 when forming a contact hole for the
contact 109 contacting a source/drain region 108a of the
FET 108 close to the STI (see FIG. 1).

FIG. 3 illustrates a semiconductor device according to
another exemplary embodiment. As shown in FIG. 3, the
semiconductor device comprises an SOI substrate compris-
ing a semiconductor bulk substrate 301, a buried insulation
(BOX) layer 302 formed on the semiconductor bulk sub-
strate and a semiconductor layer 303 formed on the buried
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insulation layer 302. The SOI substrate may be similar to the
one described above with reference to the embodiment
illustrated in FIG. 1.

Another semiconductor layer 304 comprising an upper
silicided region 305 is formed over the semiconductor layer
303 of the SOI substrate. A lower portion of a shallow trench
isolation (STI) formed in the semiconductor bulk substrate
301 is filed with a dielectric layer 306. A dielectric liner 307
is formed in the STI at the levels of the semiconductor bulk
substrate 301 and the buried insulation layer 302. The
dielectric liner 307 may comprise a nitride material, for
example, SiN. A spacer layer 308, for example, a nitride
layer, is also formed in the STI. A dielectric material 309, for
example, an oxide material, is formed in an upper portion of
the STI. In and over the SOI substrate, a FET 310 is formed.
The FET 310 comprises source/drain regions 310a, a sili-
cided gate electrode 3105, a gate dielectric 310¢ and side-
wall spacers 310d. CA contacts 311 are formed in a dielec-
tric layer 312, for example, a plasma enhanced nitride layer,
for electrically contacting the source/drain regions 310a of
the FET 310. In particular, the dielectric layer 312 may be
an interlayer dielectric (ILD). An oxide layer 313 is formed
below the dielectric layer 312.

Different from the art, the spacer layer 308 formed in the
STI protects the semiconductor bulk substrate 301 during
the process of etching the contact hole (selective oxide etch)
in which the CA contact structure 311 close to the STI is
formed. Since over-etching may be prevented, there is no
risk of forming an electrical short to the semiconductor bulk
substrate 301 by the contact material that is filled in the
etched contact hole in order to form the contact 311.

The formation of the semiconductor device shown in FIG.
3 is now described with reference to FIGS. 4a-4f. The
disclosed techniques may be suitably used in manufacturing
of semiconductor devices on below 22 nm platforms, for
example, 12 nm platforms designed for the manufacture of
FDSOI devices.

The process flow described above with reference to FIGS.
24-2b is also carried out in this embodiment with the
exception that the etching process stops at the surface of the
semiconductor bulk substrate 401. An SOI substrate similar
to the one described with reference to FIG. 2a is provided
(see FIG. 4a). The SOI substrate comprises a semiconductor
bulk substrate 401, a buried insulation (BOX) layer 402 and
a semiconductor layer 403. An oxide layer (pad oxide) 404
is formed on the SOI substrate and a nitride layer (pad
nitride) 405 is formed on the oxide layer 404. For example,
the nitride layer 405 may be made of Si;N,, SiON or a
combination thereof and it may have a thickness of about
30-70 nm. Alternatively, a silicon carbide layer may be
formed on the oxide layer 404. The nitride layer 405 may be
formed by chemical vapor deposition, plasma enhanced
chemical vapor deposition, or low pressure chemical vapor
deposition. Another oxide layer 406 is formed on the nitride
layer 405 and another layer 407, for example, a nitride layer,
is formed on the oxide layer 406. A trench 408 is formed in
the entire stack and two recesses 409 are formed down to the
level of the upper surface of the semiconductor bulk sub-
strate 401 of the SOI substrate.

In the manufacturing step shown in FIG. 45, a liner 410
is formed over sidewalls of the trench 408 and the recesses
409. The liner 410 may be formed on a thin oxide layer (not
shown in FIG. 45) and it may comprise or consist of an oxide
or carbide material. The trench 408 and the recesses 409 are
filled by a flowable dielectric material 411 in order to form
a lower portion of an STI. The flowable dielectric material
411 is, for example, a flowable oxide material that may
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comprise silicon oxide or SiIONH and may be formed by
flowable chemical vapor deposition (FCVD). Excessive
flowable dielectric material 411 formed on the layer 407 is
removed, for example, by chemical mechanical polishing
(CMP). During the CMP process, the layer 407 serves as a
planarization stop layer. The flowable dielectric fill is fol-
lowed by a steam anneal, for example, a steam anneal
similar to the one described above with reference to FIG. 2f

As shown in FIG. 4¢, an oxide removal down to or near
to the level of the upper surface of the semiconductor bulk
substrate 401 is performed. In the manufacturing stage
shown in FIG. 4¢, a spacer layer 412 is formed in the
recesses resulting from the oxide removal. The spacer layer
412 may comprise or consist of a nitride material. The
deposited spacer layer 412 is etched to obtain spacers 412a,
as shown in FIG. 4d. The etching may comprise a long
anisotropic RIE process, wherein the oxide layer 406 serves
as a protection layer against the anisotropic attack of the
nitride layer 405. In particular, spacers 412 are formed on the
lower portion (formed in the semiconductor bulk substrate
401) of an STI filled with the flowable dielectric material
411. It is noted that the spacers 4124 have no direct contact
to active regions. During the process of etching of the spacer
layer 412a, portions of the liner 410 are also removed.

In the manufacturing stage shown in FIG. 4e, an oxide
material 413 is filled in the recesses to form an upper portion
of the STI. For example, the oxide material 413 is not a
flowable dielectric material and it may be a high-density
plasma oxide formed by high-density plasma chemical
vapor deposition and it may comprise a silicon oxide.
Excessive oxide material 413 may be removed by chemical
mechanical polishing. In particular, the oxide material 413
may be the same as the material of the buried insulation
layer 402 of the SOI substrate. The layer 405 and an upper
portion of the oxide material 413 are removed as it is shown
in FIG. 4f. Formation of the FET and the contacts, etc. can
be performed as known in the art to obtain the semiconduc-
tor device shown in FIG. 3.

In all of the above-described embodiments, the CA con-
tact directly contacts the source/drain region of the FET. It
has to be noted, however, that the described process flows
may be integrated in the procedure of contacting a source/
drain region via a trench silicide (TS) structure. Formation
of the TS structures may comprise forming trenches in the
dielectric layer 110 of FIG. 1 or the dielectric layer 312 of
FIG. 3 thereby exposing portions of the underlying source/
drain regions. Thereafter, some metal silicide can be formed
in the thus formed trenches and, subsequently, tungsten or
any other suitable material can be formed on the metal
silicide.

As a result, the present disclosure provides SOI semicon-
ductor devices comprising FETs with source/drain regions
that are reliably contacted without electrical shorts to the
semiconductor bulk substrate.

The particular embodiments disclosed above are illustra-
tive only, as the invention may be modified and practiced in
different but equivalent manners apparent to those skilled in
the art having the benefit of the teachings herein. For
example, the process steps set forth above may be performed
in a different order. Furthermore, no limitations are intended
to the details of construction or design herein shown, other
than as described in the claims below. It is therefore evident
that the particular embodiments disclosed above may be
altered or meodified and all such variations are considered
within the scope and spirit of the invention. Note that the use
of terms, such as “first,” “second,” “third” or “fourth” to
describe various processes or structures in this specification
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and in the attached claims is only used as a short-hand
reference to such steps/structures and does not necessarily
imply that such steps/structures are performed/formed in
that ordered sequence. Of course, depending upon the exact
claim language, an ordered sequence of such processes may
or may not be required. Accordingly, the protection sought
herein is as set forth in the claims below.

The invention claimed is:

1. A device, comprising:

an SOI substrate comprising a semiconductor bulk sub-
strate, a buried insulation layer positioned on said
semiconductor bulk substrate and a semiconductor
layer positioned on said buried insulation layer;

a trench formed in said SOI substrate, said trench extend-
ing through said buried insulation layer and into said
semiconductor bulk substrate; and

an isolation structure positioned at least partially in said
trench, said isolation structure comprising:

a first dielectric layer positioned in a portion of said
trench that extends into said bulk semiconductor
substrate;

a first material layer positioned above said first dielec-
tric layer, said first material layer being made of a
material that is different from a material of said first
dielectric layer;

a second dielectric layer positioned above said first
material layer, said second dielectric layer being
made of a material that is different from said material
of said first material layer; and

a liner layer positioned in said trench on said bulk
semiconductor substrate and on said buried insula-
tion layer, wherein said first material layer is posi-
tioned within said liner layer,

wherein said first material layer is a spacer that com-
prises an opening that exposes a portion of an upper
surface of said first dielectric layer.

2. The device of claim 1, wherein said first dielectric layer
comprises silicon dioxide, said first material layer comprises
silicon nitride and said second dielectric layer comprises an
oxide material.

3. The device of claim 1, wherein said first dielectric layer
comprises an upper surface that is substantially coplanar
with an upper surface of said bulk semiconductor substrate.

4. The device of claim 1, wherein said buried insulation
layer comprises an upper surface and said first material layer
comprises an upper surface, and wherein said upper surface
of said first material layer is positioned at a level that is
below a level of said upper surface of said buried insulation
layer.

5. The device of claim 1, wherein said second dielectric
layer comprises an upper surface that is substantially copla-
nar with an upper surface of said semiconductor layer.

6. The device of claim 1, further comprising a liner layer
positioned in said portion of said trench that extends into
said bulk semiconductor substrate, wherein said first dielec-
tric layer is positioned within said liner layer.

7. The device of claim 1, wherein said first material layer
covers an entire upper surface of said first dielectric layer
and said second dielectric layer covers an entire upper
surface of said first material layer.

8. The device of claim 1, wherein a portion of said second
dielectric layer is positioned in said opening in said first
material layer and said second dielectric layer contacts said
upper surface of said first dielectric layer.

9. A device, comprising:

an SOI substrate comprising a semiconductor bulk sub-
strate, a buried insulation layer positioned on said
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semiconductor bulk substrate and a semiconductor a liner layer positioned in said trench on said bulk
layer positioned on said buried insulation layer; semiconductor substrate and on said buried insula-
a trench formed in said SOI substrate, said trench extend- tion layer, wherein said first material layer is posi-
ing through said buried insulation layer and into said tioned within said liner layer,

semiconductor bulk substrate; and 5
an isolation structure positioned at least partially in said
trench, said isolation structure comprising:

a first dielectric layer positioned in a portion of said
trench that extends into said bulk semiconductor
substrate, said first dielectric layer comprising a first 10
upper surface that is substantially coplanar with an
upper surface of said bulk semiconductor substrate;

a first material layer positioned above said first dielec-
tric layer, said first material layer being made of a
material that is different from a material of said first 15
dielectric layer, said first material layer comprising
an upper surface, wherein said upper surface of said
first material layer is positioned at a level that is
below a level of an upper surface of said buried
insulation layer; 20

a second dielectric layer positioned above said first
material layer, said second dielectric layer being
made of a material that is different from said material
of said first material layer; and L

wherein said first material layer is a spacer that com-
prises an opening that exposes a portion of an upper
surface of said first dielectric layer and wherein a
portion of said second dielectric layer is positioned
in said opening in said first material layer and said
second dielectric layer contacts said upper surface of
said first dielectric layer.

10. The device of claim 9, wherein said second dielectric
layer comprises an upper surface that is substantially copla-
nar with an upper surface of said semiconductor layer.

11. The device of claim 9, further comprising a liner layer
positioned in said portion of said trench that extends into
said bulk semiconductor substrate, wherein said first dielec-
tric layer is positioned within said liner layer.

12. The device of claim 9, wherein said first material layer
covers an entire upper surface of said first dielectric layer
and said second dielectric layer covers an entire upper
surface of said first material layer.



